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Description
Technical Field

[0001] The presentinvention relates to an exhaust gas purification catalyst carrier and to an exhaust gas purification
catalyst. More particularly, the invention relates to an exhaust gas purification catalyst carrier which effectively serves
as an exhaust gas purification catalyst carrier for supporting Rh, the Rh-supporting exhaust gas purification catalyst
exhibiting high NO, removal activity at an excess air ratio L. more than 1; i.e., under a stoichiometric condition to a lean
condition, and also exhibiting remarkably improved catalytic performance as compared with that of an Rh-supporting
zirconia, and to such an exhaust gas purification catalyst.

Background Art

[0002] Exhaust gas discharged from an internal combustion engine of, for example, an automobile contains toxic
components such as hydrocarbons (HC), carbon monoxide (CO), and nitrogen oxides (NO, ). Hitherto, three-way catalysts
have been used for removing such toxic components for detoxifying the exhaust gas.

[0003] Such athree-way catalyst employs a noble metal such as Pt, Pd, or Rh serving as a catalytic active component;
alumina, ceria, zirconia, a ceria-zirconia complex oxide having an oxygen-occluding ability, or the like serving as a carrier;
and a catalyst support which is made of a ceramic or metallic material and which is in the form of a honeycomb, a plate,
a pellet, or the like. Generally, when the excess air ratio A is approximately 1, three-way catalysts employed in gasoline
automobiles can maintain very high performance of removing CO, HC, and NO,, whereas when the excess air ratio A
is higher than 1 (i.e., under a lean condition), the NO, removal performance drops considerably due to excessive oxygen.
In order to improve the NO, removal performance when the excess air ratio A is higher than 1 (i.e., under a lean condition),
an NO, trapping catalyst is generally employed. However, it has been known that when high-sulfur-content gasoline is
used, the catalyst is prone to undergo poisoning with S, resulting in a drop in NO, trapping performance.

[0004] There has been proposed an exhaust gas purification catalyst which can remove NO, at high efficiency while
minimizing formation of N,O even under an exhaust gas having alow HC/NO,, ratio. The proposed catalyst has a double-
layer structure which includes a first catalyst layer containing, as a carrier, a phosphate salt (e.g., magnesium phosphate,
silver phosphate, nickel phosphate, copper phosphate, iron phosphate, zinc phosphate, or tin phosphate) having excellent
S-poisoning resistance and serving as an HC-reforming material; and a second catalyst layer containing Rh-supporting
and WO3-modified alumina (or silica-alumina). In operation, partial oxidation of HC contained in the exhaust gas by the
HC-reforming material is catalyzed at an air fuel ratio under a lean condition, to thereby form oxide-containing compounds
(see Patent Document 1). There has also been proposed an NO, removal catalyst having a carrier formed of at least
one compound selected from a metal carbonate, a metal sulfate, and a metal phosphate, and iridium serving as an
active metal supported on the carrier (see Patent Document 2) .

Prior Art Documents
Patent Documents
[0005]

Patent Document 1: Japanese Patent Application Laid-Open (kokai) No. 2000-042415
Patent Document 2: Japanese Patent Application Laid-Open (kokai) No. Hei 11-267509

Summary of the Invention
Problems to be Solved by the Invention

[0006] However, all the phosphate salts employed in the invention disclosed in Patent Document 1, having a low BET
value, must be deposited on a high-BET carrier material such as alumina or B-zeolite and dispersed to a high degree.
Also, the catalyst disclosed in Patent Document 1 has a complicated double layer structure. The catalyst of the invention
disclosed in Patent Document2 uses iridium as an active metal, thereby making the durability of the catalyst unsatisfactory.
[0007] Thus,an objectof the presentinvention is to provide a novel exhaust gas purification catalyst carrier; in particular,
an exhaust gas purification catalyst carrier which effectively serves as an exhaust gas purification catalyst carrier for
supporting Rh, the Rh-supporting exhaust gas purification catalyst exhibiting high NO, removal activity at an excess air
ratio A more than 1; i.e., under a stoichiometric condition to a lean condition, and also exhibiting remarkably improved
catalytic performance as compared with that of an Rh-supporting zirconia. Another object of the invention is to provide
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such an exhaust gas purification catalyst. Meanwhile, the excess air ratio A is a factor indicating the ratio of the actual
amount of contained air to the theoretical (stoichiometric) air fuel ratio. When A is 1, the condition is stoichiometric; when
A is less than 1, the condition is rich; and when A is more than 1, the condition is lean. The value A(O/R) may be converted
to the corresponding air fuel ratio (A/F) from the graph disclosed in the document SAE Paper Number 950256. When
the excess air ratio A is the theoretical air fuel ratio (A = 1, stoichiometric), the air fuel ratio A/F corresponds to a theoretical
air fuel ratio A/F of 14.6.

Means for Solving the Problems

[0008] The present inventors have conducted extensive studies in order to attain the aforementioned objects, and
have found that use of a phosphate salt represented by formula MPO, (wherein M represents Y, La, or Al) or a zirconium
phosphate represented by formula ZrP,0, having excellent S-poisoning resistance, as a carrier for Rh, results in
production of an exhaust gas purification catalyst exhibiting high NO, removal activity at an excess air ratio A more than
1;i.e., under a stoichiometric condition to a lean condition, and also exhibiting remarkably improved catalytic performance
as compared with that of an Rh-supporting zirconia. The present invention has been accomplished on the basis of this
finding.

[0009] Accordingly, the present invention is directed to an exhaust gas purification catalyst carrier, characterized by
comprising a phosphate salt represented by formula:

MPO,

(wherein M represents Y, La, or Al) or a zirconium phosphate represented by formula ZrP,0,.
[0010] Particularly, the catalyst carrier preferably contains a phosphate salt represented by formula:

MPO,

(wherein M represents Y or La).

[0011] More preferably, the catalyst carrier further contains SiO,.

[0012] The exhaust gas purification catalyst of the present invention is characterized by having a carrier comprising
a phosphate salt represented by formula:

MPO,

(wherein M represents Y, La, or Al) or a zirconium phosphate represented by formula ZrP,0-, and a noble metal at least
containing Rh and supported on the carrier.

[0013] Also, the exhaustgas purification catalyst of the presentinvention is characterized by having a carrier comprising
a phosphate salt represented by formula:

MPO,

(wherein M represents Y or La), and a noble metal at least containing Rh and supported on the carrier.

[0014] Particularly, the carrier more preferably contains SiO,.

[0015] The exhaust gas purification catalyst product of the present invention is characterized by having a catalyst
support made of a ceramic or metallic material, and a layer of the exhaust gas purification catalyst of the presentinvention,
the layer being supported on the catalyst support.

Effects of the Invention

[0016] The exhaust gas purification catalyst of the present invention exhibits high NO, removal activity in an excess
air ratio A range of 1 to more than 1; i.e., under a stoichiometric condition to a lean condition, and also exhibits remarkably
improved catalytic performance as compared with that of an Rh-supporting zirconia.

Brief Description of the Drawings

[0017]

[FIG. 1] An FT-IR spectra of Rh-supporting fresh (unused) samples.
[FIG. 2] A graph showing an L/O performance (percent C3Hg removal) of samples at an excess air ratio A of 1.2 (air
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fuel ratio A/F of 14.7) (under a lean condition).

[FIG. 3] A graph showing an L/O performance (percent NO removal) of samples at an excess air ratio A of 1.2 (air
fuel ratio A/F of 14.7) (under a lean condition).

[FIG. 4] A graph showing an L/O performance (formed CO concentration) of samples at an excess air ratio A of 1.2
(air fuel ratio A/F of 14.7) (under a lean condition).

Modes for Carrying Out the Invention

[0018] The exhaust gas purification catalyst carrier of the present invention is formed of a phosphate salt represented
by formula:

MPO,

(wherein M represents Y, La, or Al) or a zirconium phosphate represented by formula ZrP,0; (both phosphate salts may
also be referred to as the phosphate salt of the present invention).

[0019] The phosphate salt represented by formula MPO, and the zirconium phosphate represented by formula ZrP,0,
may be produced through a known co-precipitation method, as described in the Referential Example hereinbelow.
[0020] Preferably, the exhaust gas purification catalyst carrier of the present invention further contains SiO,. The
exhaust gas purification catalyst carrier containing SiO, may be produced by mixing a powder of the phosphate salt of
the present invention with an SiO, powder. Alternatively, the SiO,-containing catalyst carrier may be produced through
hydrothermal synthesis of the phosphate salt in the presence of an SiO, powder. Among the phosphate salts of the
present invention, a phosphate salt including lanthanum phosphate is particularly preferred.

[0021] The exhaust gas purification catalyst carrier containing SiO, exhibits further improved heat resistance, as
compared with the aforementioned carrier formed of the phosphate salt. Particularly when the phosphate salt is dispersed
and supported on SiO, particles, burying of the supported noble metal into the carrier is suppressed even after heat
treatment under high-temperature conditions. Also, even after long-term use of the catalyst under high-temperature
conditions, a drop in CO-, HC-, and NO,-activating performance at low temperature is suppressed.

[0022] In the case where the phosphate salt is lanthanum phosphate, the ratio of the amount of the phosphate salt to
that of the total amount of SiO, and the phosphate salt is preferably 5 to 40 mol%.

[0023] The exhaust gas purification catalyst of the present invention contains a noble metal such as Rh supported on
a carrier formed of the phosphate salt represented by formula MPO, or a zirconium phosphate represented by formula
ZrP,05. Particularly when Rh is deposited on the carrier, the exhaust gas purification catalyst exhibits high NO, removal
activity in an excess air ratio A range of 1 to more than 1; i.e., under a stoichiometric condition to a lean condition, and
also exhibits remarkably improved catalytic performance as compared with that of an Rh-supporting zirconia. The amount
of Rh supported on the carrier, as reduced to the mass of metallic Rh and based on the mass of the carrier, is preferably
0.05 to 2 mass%, more preferably 0.1 to 1 mass%. When the amount of Rh supported on the carrier, as reduced to the
mass of metallic Rh and based on the mass of the carrier, is less than 0.05 mass%, the catalytic activity is poor due to
such a small amount of the noble metal, whereas when the amount of Rh is in excess of 2 mass%, deposition of the
noble metal with high dispersion degree may fail to be attained due to such an excess amount of noble metal.

[0024] The exhaust gas purification catalyst of the present invention may be produced through, for example, the
following procedure. Firstly, the phosphate salt represented by formula MPO, or the zirconium phosphate represented
by formula ZrP,05 is mixed with an Rh compound (e.g., hexaammine Rh hydroxide solution) at such a ratio that the
amount of supported Rh as reduced to the mass of metallic Rh and on the basis of the mass of the carrier is adjusted
to preferably 0.05 to 2 mass%. Then, the mixture is evaporated to dryness, and the dried product is fired at 450 to 650°C.
[0025] The exhaust gas purification catalyst product of the present invention has a catalyst support made of a ceramic
or metallic material, and a layer of the exhaust gas purification catalyst of the present invention formed on the catalyst
support, wherein the catalyst is supported on the catalyst support. In the exhaust gas purification catalyst product, no
particular limitation is imposed on the shape of the catalyst support made of a ceramic or metallic material, and the
catalyst support is generally in the form of honeycomb, plate, pellet, or the like. In the case of honeycomb-shape catalyst
support, the amount of the exhaust gas purification catalyst to be supported on the catalyst support is preferably 70 to
300 g/L, more preferably 100 to 250 g/L. When the catalyst amount is less than 70 g/L, durability of the catalyst product
tends to decrease due to insufficient amount of catalyst. Examples of the material of the catalyst support include ceramic
materials such as alumina (Al,O5), mullite (3Al,03-2Si0,), and cordierite (2MgO-2Al,05-5Si0,), and metallic materials
such as stainless steel.

[0026] The exhaust gas purification catalyst product of the present invention may be produced through, for example,
the following procedure. Firstly, a phosphate salt represented by the aforementioned formula MPO, or a zirconium
phosphate represented by formula ZrP,0- in an amount of 50 to 70 parts by mass (preferably 60 to 70 parts by mass),
La-stabilized alumina in an amount of 20 to 40 parts by mass (preferably 20 to 30 parts by mass), and an alumina binder
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in an amount of 5 to 10 parts by mass are added to a solution of hexaammine Rh hydroxide salt and mixed, and the
mixture is subjected to wet crushing, to thereby prepare an Rh-containing slurry. In the preparation of the slurry, Rh
nitrate is added so that the amount of Rh, with respect to the solid content, is adjusted to 0.1 to 0.5 mass%, preferably
0.1 to 0.2 mass%. Through a known technique, the thus-produced slurry is applied onto a catalyst support made of a
ceramic or metallic material (preferably, a honeycomb-shape catalyst support), such that the amount of the exhaust gas
purification catalyst is preferably adjusted to 70 to 300 g/L (more preferably, 100 to 250 g/L), dried, and fired at 450 to
650°C, to thereby yield an exhaust gas purification catalyst product including a catalyst support, and a layer of the
exhaust gas purification catalyst supported on the catalyst support.

[0027] The presentinvention will next be described in detail by way of Production Examples, Examples, and Compar-
ative Examples.

Production Example 1
<Synthesis of aluminum phosphate (AIPO,) (co-precipitation method)>

[0028] Aluminum nitrate nanohydrate was dissolved in pure water in such an amount that a target concentration was
attained. Phosphoric acid was added to the solution. To the resultant solution, 10 mass% aqueous ammonia was slowly
added dropwise, to thereby adjust the pH of the solution to 4.5 to 10 (preferably 4.5 to 9). The thus-formed gel-like
product was washed with pure water and filtered. The filtration residue was dried overnight at 120°C. The dried product
was fired in air at 1,000°C for 25 hours, to thereby yield aluminum phosphate (AIPO,).

Production Example 2
<Synthesis of yttrium phosphate (YPO,) (co-precipitation method)>

[0029] Yttrium nitrate solution and phosphoric acid were mixed at such a ratio that the target concentration was attained.
To the resultant solution, 10 mass% aqueous ammonia was slowly added dropwise, to thereby adjust the pH of the
solution to 6 to 10 (preferably 6 to 9). The thus-formed gel-like product was washed with pure water and filtered. The
filtration residue was dried overnight at 120°C. The dried product was fired in air at 800°C for 5 hours, to thereby yield
yttrium phosphate (YPO,).

Production Example 3
<Synthesis of lanthanum phosphate (LaPO,) (co-precipitation method)>

[0030] Lanthanum nitrate solution and phosphoric acid were mixed at such a ratio that the target concentration was
attained. To the resultant solution, 10 mass% aqueous ammonia was slowly added dropwise, to thereby adjust the pH
of the solution to 6 to 10 (preferably 6 to 9). The thus-formed gel-like product was washed with pure water and filtered.
The filtration residue was dried overnight at 120°C. The dried product was fired in air at 800°C for 5 hours, to thereby
yield lanthanum phosphate (LaPO,).

Production Example 4

<Synthesis of zirconium phosphate (ZrP,0-) (co-precipitation method)>

[0031] Zirconium nitrate dihydrate was dissolved in pure water in such an amount that a target concentration was
attained. Phosphoric acid was added to the solution. To the resultant solution, 10 mass% aqueous ammonia was slowly
added dropwise, to thereby adjust the pH of the solution to 4.5 to 10 (preferably 4.5 to 9). The thus-formed gel-like
product was washed with pure water and filtered. The filtration residue was dried overnight at 120°C. The dried product
was fired in air at 900°C for 5 hours, to thereby yield zirconium phosphate (ZrP,0-).

Production Example 5

<Synthesis of lanthanum phosphate (LaPO,) (hydrothermal synthesis method)>

[0032] Lanthanum nitrate solution and phosphoric acid were mixed at such a ratio that the target concentration was

attained. To the resultant solution, 10 mass% aqueous ammonia was slowly added dropwise, to thereby adjust the pH
of the solution to 7 to 12 (preferably 8 to 12). The thus-formed gel-like product was subjected to hydrothermal treatment
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at 200°C for 24 hours. The product was washed with pure water and filtered. The filtration residue was dried and then
fired in air at 1,000°C for 5 hours, to thereby yield lanthanum phosphate (LaPO,).

Production Example 6
<Synthesis of lanthanum phosphate (LaPO,)/SiO, carrier (hydrothermal synthesis method)>

[0033] Lanthanum nitrate solution and phosphoric acid were mixed at such a ratio that the target concentration was
attained. To the resultant solution, particulate SiO, was added, and 10 mass% aqueous ammonia was slowly added
dropwise to the mixture, to thereby adjust the pH of the mixture to 7 to 12 (preferably 8 to 12). The thus-formed gel-like
product was subjected to hydrothermal treatment at 200°C for 24 hours. The product was washed with pure water and
filtered. The filtration residue was dried and then fired in air at 1,000°C for 5 hours, to thereby yield a carrier in which
lanthanum phosphate (LaPO,) was dispersed and supported on SiO, particles.

Example 1
<Rh-supporting aluminum phosphate>

[0034] The aluminum phosphate carrier prepared in Production Example 1 was immersed in aqueous hexaammine
Rh hydroxide solution in such an amount that the supported Rh concentration as reduced to the mass of metallic Rh
and on the basis of the mass of the carrier was adjusted to 1.0 mass%. Subsequently, the mixture was evaporated to
dryness, and the recovered solid was fired, to thereby yield an exhaust gas purification catalyst falling within the scope
of the present invention (Rh-supporting aluminum phosphate).

Example 2
<Rh-supporting yttrium phosphate>

[0035] The yttrium phosphate carrier prepared in Production Example 2 was immersed in aqueous hexaammine Rh
hydroxide solution in such an amount that the supported Rh concentration as reduced to the mass of metallic Rh and
on the basis of the mass of the carrier was adjusted to 1.0 mass%. Subsequently, the mixture was evaporated to dryness,
and the recovered solid was fired, to thereby yield an exhaust gas purification catalyst falling within the scope of the
present invention (Rh-supporting yttrium phosphate).

Example 3
<Rh-supporting lanthanum phosphate>

[0036] The lanthanum phosphate carrier prepared in Production Example 3 was immersed in aqueous hexaammine
Rh hydroxide solution in such an amount that the supported Rh concentration as reduced to the mass of metallic Rh
and on the basis of the mass of the carrier was adjusted to 1.0 mass%. Subsequently, the mixture was evaporated to
dryness, and the recovered solid was fired, to thereby yield an exhaust gas purification catalyst falling within the scope
of the present invention (Rh-supporting lanthanum phosphate).

Example 4
<Rh-supporting zirconium phosphate>

[0037] The zirconium phosphate carrier prepared in Production Example 4 was immersed in aqueous hexaammine
Rh hydroxide solution in such an amount that the supported Rh concentration as reduced to the mass of metallic Rh
and on the basis of the mass of the carrier was adjusted to 1.0 mass%. Subsequently, the mixture was evaporated to
dryness, and the recovered solid was fired, to thereby yield an exhaust gas purification catalyst falling within the scope
of the present invention (Rh-supporting zirconium phosphate).
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Comparative Example 1
<Rh-supporting zirconia>

[0038] A commercial product of zirconia powder was immersed in aqueous Rh nitrate solution in such an amount that
the supported Rh concentration as reduced to the mass of metallic Rh and on the basis of the mass of the carrier was
adjusted to 1.0 mass%. Subsequently, the mixture was evaporated to dryness, and the recovered solid was fired, to
thereby yield an exhaust gas purification catalyst of Comparative Example (Rh-supporting zirconia).

<FT-IR measurement>

[0039] Each of the Rh-supporting samples produced in Examples 1 to 4 and Comparative Example 1 in an unused
state was charged into a sample cell. The cell was maintained under a stream of N, at 600°C for 30 minutes, and the
temperature was lowered to 300°C. Subsequently, 3,300 ppmC C3Hg and 0.6% O, were fed into the sample cell for 30
minutes. HC species adsorbed on the catalyst were observed through FT-IR. The observation and evaluation of the
results were carried out by means of FT/IR-6200 and a diffuse reflection meter DR-400 (products of JASCO Corporation).

<Results of FT-IR measurement>

[0040] FIG. 1 shows the results of FT-IR measurement. As shown in FIG. 1, in the case of the ZrO,, carrier, an adsorbed
species assigned to a carboxylate anion, and a CO species adsorbed on Rhin a bridge manner were observed, indicating
that C5Hg was partially oxidized. In the cases of the LaPO, carrier and the YPO, carrier, an adsorbed species assigned
to Aryl-CHO aldehyde was observed in addition to a carboxylate anion. In both cases, a CO species adsorbed on Rh
in a linear manner was observed, indicating that C5Hg was partially oxidized. In the case of the AIPO, carrier, an adsorbed
species assigned to a carboxylate anion was not observed, and an adsorbed species assigned to Aryl-CHO aldehyde
and a CO species adsorbed on Rh in a linear manner were observed, indicating that C3Hg was partially oxidized. In the
case of the ZrP,0; carrier, an adsorbed species assigned to a carboxylate anion was not observed, and an adsorbed
species assigned to R-CHO aldehyde and a CO species adsorbed on Rh in a bridge/linear manner were observed,
indicating that C5Hg was partially oxidized.

Example 5
<Rh-supporting aluminum phosphate, Rh single layer, 0.15 g/L>

[0041] The aluminum phosphate carrier produced in Production Example 1 (73 parts by mass), La-stabilized alumina
(21 parts by mass), and an alumina binder (6 parts by mass) were added to a solution of hexaammine Rh hydroxide
salt, and the mixture was subjected to wet crushing, to thereby prepare an Rh-containing slurry. In the preparation of
the slurry, Rh nitrate solution was added so that the amount of Rh, with respect to the solid content, was adjusted to
0.15 mass%. The thus-produced slurry was applied onto a ceramic honeycomb support in a coating amount of 100 g/L,
dried, and fired, to thereby yield an exhaust gas purification catalyst product (a honeycomb catalyst) falling within the
scope of the present invention.

Example 6
<Rh-supporting yttrium phosphate, Rh single layer, 0.15 g/L>

[0042] The yttrium phosphate carrier produced in Production Example 2 (73 parts by mass), La-stabilized alumina (21
parts by mass), and an alumina binder (6 parts by mass) were added to a solution of hexaammine Rh hydroxide salt,
and the mixture was subjected to wet crushing, to thereby prepare an Rh-containing slurry. In the preparation of the
slurry, Rh nitrate solution was added so that the amount of Rh, with respect to the solid content, was adjusted to 0.15
mass%. The thus-produced slurry was applied onto a ceramic honeycomb support in a coating amount of 100 g/L, dried,
and fired, to thereby yield an exhaust gas purification catalyst product (a honeycomb catalyst) falling within the scope
of the present invention.
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Example 7
<Rh-supporting lanthanum phosphate, Rh single layer, 0.15 g/L>

[0043] The lanthanum phosphate carrier produced in Production Example 3 (73 parts by mass), La-stabilized alumina
(21 parts by mass), and an alumina binder (6 parts by mass) were added to a solution of hexaammine Rh hydroxide
salt, and the mixture was subjected to wet crushing, to thereby prepare an Rh-containing slurry. In the preparation of
the slurry, Rh nitrate solution was added so that the amount of Rh, with respect to the solid content, was adjusted to
0.15 mass%. The thus-produced slurry was applied onto a ceramic honeycomb support in a coating amount of 100 g/L,
dried, and fired, to thereby yield an exhaust gas purification catalyst product (a honeycomb catalyst) falling within the
scope of the present invention.

Example 8
<Rh-supporting zirconium phosphate, Rh single layer, 0.15 g/L>

[0044] The zirconium phosphate carrier produced in Production Example 4 (73 parts by mass), La-stabilized alumina
(21 parts by mass), and an alumina binder (6 parts by mass) were added to a solution of hexaammine Rh hydroxide
salt, and the mixture was subjected to wet crushing, to thereby prepare an Rh-containing slurry. In the preparation of
the slurry, Rh nitrate solution was added so that the amount of Rh, with respect to the solid content, was adjusted to
0.15 mass%. The thus-produced slurry was applied onto a ceramic honeycomb support in a coating amount of 100 g/L,
dried, and fired, to thereby yield an exhaust gas purification catalyst product (a honeycomb catalyst) falling within the
scope of the present invention.

Comparative Example 2
<Rh-supporting zirconia, Rh single layer, 0.15 g/L>

[0045] ZrO, powder (73 parts by mass), La-stabilized alumina (21 parts by mass), and an alumina binder (6 parts by
mass) were added to a solution of Rh nitrate, and the mixture was subjected to wet crushing, to thereby prepare an Rh-
containing slurry. In the preparation of the slurry, Rh nitrate solution was added so that the amount of Rh, with respect
to the solid content, was adjusted to 0.15 mass%. The thus-produced slurry was applied onto a ceramic honeycomb
support in a coating amount of 100 g/L, dried, and fired, to thereby yield an exhaust gas purification catalyst product (a
honeycomb catalyst) of Comparative Example.

<Catalyst performance evaluation method>

[0046] The produced honeycomb catalysts were evaluated in terms of light-off performance under a lean condition
(excess air ratio A>1) through the following procedure. A simulated exhaust gas (A = 1.2) consisting of NO (1,000 ppm),
C3Hg (1,650 ppmC), O, (0.25%), and H,0 (10%), the balance being N,, was caused to pass through each of the ceramic
honeycomb catalysts of Examples 5 to 8 and Comparative Example 2 at an SV of 100,000 h-!. The outlet gas was
analyzed at 100 to 500°C by means of a CO/HC/NO analyzer (product of Best Sokki, Ltd., Exhaust Gas Analyzer
SESAM3-N, BEX-5200C). The light-off performance of the catalyst was evaluated. From the results, the temperature
at which 30% percent removal C3Hg or NO was attained (T30) and percent purification at 400°C (n400) were calculated,
to thereby compare the performances of the tested Rh-supporting catalysts.

[0047] The honeycomb catalysts were also evaluated at different excess oxygen ratios A (air fuel ratios A/F) under
scanning conditions. Specifically, a perfect-combustion-simulated exhaust gas consisting of CO, CO,, C5Hg, H, , O,,
NO, and H,O0, the balance being N,, was caused to pass through each of the ceramic honeycomb catalysts of Examples
5 to 8 and Comparative Example 2 at an SV of 100,000 h-1, while the A was varied from 0.4 to 1.5 (A/F = 14.2 to 14.8)
(with variation in CO/H, level and O, level). The outlet gas was analyzed at 400°C by means of a CO/HC/NO analyzer
(product of HORIBA Ltd., MOTOR EXHAUST GAS ANALYZER MEXA 9100), to thereby compare the performances of
the tested Rh-supporting catalysts.

[0048] The honeycomb catalysts which had been used for a long term under high-temperature conditions were eval-
uated in terms of light-off performance and under different excess oxygen ratios A (air fuel ratios A/F) in a simulated gas
containing 10% steam, to thereby compare the performances of the tested catalysts. In the high-temperature condition
test, a catalyst was placed in an electric furnace maintained at 800°C, and a gas mixture of C3Hg and O, or CO and O,
(perfect combustion ratio) and air were periodically (each for 50 seconds) and alternatingly fed to the furnace. The total
treatment time was 50 hours.
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<Results of L/O performance evaluation by use of simulated exhaust gas>

[0049] FIGs. 2 to 4 show the NO-C3Hg reaction features of the tested samples under a lean condition (excess air ratio
A = 1.2 (air fuel ratio A/F = 14.7)), the reaction features including percent removal of C5Hg, percent removal of NO, and
formed CO concentration. When a specific phosphate salt was used as an Rh carrier, all the tested samples exhibited
an NO, removal performance at high temperature which was remarkably improved and higher than that of an Rh-
supporting zirconia. Also, as shown in the FT-IR chart, formation of CO, conceivably attributed to partial oxidation of
C3Hg, was observed when the tested phosphate salts were used. Among them, when ZrP,0; was used, the formed CO
concentration was highest. Conceivably, NO, removal proceeds via partial oxidation products (e.g., CO and intermedi-
ates).

[0050] Table 1 shows the L/O performance of the tested samples at an excess air ratio A of 1.2 (air fuel ratio A/F = 14.7).

[Table 1]
[0051]
Table 1
T30/°C 1n400/%
CsHg NO CsHg NO
ZrO, 331 369 95.8 24.3

ZrP,0, 348 359 89.3 | 64.4
LaPO, 340 353 84.2 | 44.4
YPO, 339 349 84.9 | 46.2
AIPO, 339 348 93.4 | 47.6

<Results of performance evaluation under excess oxygen ratio A (air fuel ratio A/F) scanning conditions by use of
simulated exhaust gas>

[0052] Tables 2, 3, and 4 show the purification performances of the samples under excess oxygen ratio A (air fuel
ratio A/F) scanning conditions.

[Table 2]
[0053]
Table 2 (CO-1400 data)
AIF 142 | 14.4 | 145 | 14.6 | 14.7 | 14.8
A(Oexcess) | 04 | 07 | 0.8 | 1.0 | 12 | 15
Rh/ZrO, 61.2 | 86.8 | 934 | 98.6 | 98.2 | 98.4
Rh/ZrP,0, | 256 | 443 | 744 | 943 | 938 | 932
Rh/LaPO, 208 | 522 | 827 | 97.3 | 96.4 | 955
Rh/YPO, 289 | 537 | 85.0 | 95.9 | 955 | 95.2
Rh/AIPO,, 25.0 | 45.0 | 76.0 | 95.0 | 94.8 | 94.7
[Table 3]
[0054]

Table 3 (HC-n400 data)
AF ‘ 142 ‘ 14.4 ‘ 145 ‘ 14.6 ‘ 14.7 ‘ 14.8 ‘
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(continued)

A (Oexcess) | 0.4 0.7 0.8 1.0 1.2 1.5
Rh/ZrO, 98.3 | 99.0 | 99.2 | 98.1 | 97.2 | 96.7
Rh/ZrP,0, 774 | 928 | 954 | 93.9 | 89.3 | 84.1
Rh/LaPO, 876 | 96.5 | 98.2 | 945 | 88.1 | 827
Rh/YPO, 90.9 | 958 | 96.7 | 949 | 91.7 | 885
Rh/AIPO, 88.0 | 96.0 | 97.0 | 95.4 | 89.7 | 83.0

[Table 4]
[0055]

Table 4 (NO,-n400 data)

A/F 14.2 14.4 14.5 14.6 | 14.7 | 14.8
A (O excess) 0.4 0.7 0.8 1.0 1.2 1.5
Rh/ZrO, 100.0 | 100.0 | 100.0 | 77.8 | 41.8 | 24.9

Rh/ZrP,0, 97.8 97.8 98.0 924 | 77.5 | 60.0
Rh/LaPO, 100.0 | 100.0 | 100.0 | 87.9 | 59.0 | 39.6
Rh/YPO, 97.6 98.0 98.0 81.5 | 53.1 | 36.0
Rh/AIPO4 98.0 98.0 98.0 90.0 | 66.5 | 48.0

[0056] Similar to the L/O performance results, when a specific phosphate salt was used as an Rh carrier, all the tested
samples exhibited an NO, removal performance under stoichiometric to lean conditions (A = 1, 1.2, and 1.5; A/F = 14.6,
14.7, and 14.8), which was higher than that of the Rh-supporting zirconia of Comparative Example. The catalytic per-
formance was enhanced in the following order: ZrO, < LaPO, < YPO, < AIPO, < ZrP,05. As shown in the FT-IR chart
(FIG. 1), a sample exhibiting higher NO, removal performance under a lean condition tends to form an aldehyde species
as a HC reaction intermediate.

[0057] As described above, a conceivable mechanism of enhancement in NO, removal performance is as follows.
Partial oxidation of C3Hg occurs on acid points of the phosphate salt under a lean condition (excess air ratio A > 1), and
the formed aldehyde intermediate with high reactivity reacts with NO, whereby NO-C3Hg reaction is promoted.

Example 11 (0.4 wt.% Rh/5 mol% LaPO,/SiO,)

[0058] The catalyst was synthesized through the method of Production Example 6. Raw materials were provided so
as to attain a ratio of 5 mol% LaPO,/SiO,.

[0059] Subsequently, the powder having the above ratio was immersed in an aqueous Rh nitrate solution so that the
amount of Rh was adjusted to 0.4 wt.%. The powder was then dried and fired at 500°C for one hour, to thereby yield an
exhaust gas purification catalyst.

Example 12 (0.4 wt.% Rh/10 mol% LaPO,/SiO,)

[0060] The procedure of Example 11 was repeated, except that the raw materials were provided so as to attain a ratio
of 10 mol% LaPO,/SiO,, to thereby yield an exhaust gas purification catalyst.

Example 13 (0.4 wt.% Rh/20 mol% LaPO,/SiO,)

[0061] The procedure of Example 11 was repeated, except that the raw materials were provided so as to attain a ratio
of 20 mol% LaPO,/SiO,, to thereby yield an exhaust gas purification catalyst.

10



10

15

20

25

30

35

40

45

50

55

EP 3 466 538 A1
Example 14 (0.4 wt.% Rh/30 mol% LaPO,/SiO,)

[0062] The procedure of Example 11 was repeated, except that the raw materials were provided so as to attain a ratio
of 30 mol% LaPO,/SiO,, to thereby yield an exhaust gas purification catalyst.

Example 15 (0.4 wt.% Rh/40 mol% LaPO,/SiO,)

[0063] The procedure of Example 11 was repeated, except that the raw materials were provided so as to attain a ratio
of 40 mol% LaPO,/SiO,, to thereby yield an exhaust gas purification catalyst.

Example 16 (0.2 wt.% Rh/20 mol% LaPO,/SiO,)

[0064] The procedure of Example 13 was repeated, except that the amount of Rh was adjusted to 0.2 wt.%, to thereby
yield an exhaust gas purification catalyst.

Example 17 (0.05 wt.% Rh/20 mol% LaPO,/SiO,)

[0065] The procedure of Example 13 was repeated, except that the amount of Rh was adjusted to 0.05 wt.%, to thereby
yield an exhaust gas purification catalyst.

Example 18 (0.01 wt.% Rh/20 mol% LaPO,/SiO,)

[0066] The procedure of Example 13 was repeated, except that the amount of Rh was adjusted to 0.01 wt.%, to thereby
yield an exhaust gas purification catalyst.

Example 21 (0.4 wt.% Rh/LaPO,)

[0067] Through the synthesis method of Production Example 5, a target substance was produced.

[0068] Subsequently, the powder of the target substance was immersed in an aqueous Rh nitrate solution so that the
amount of Rh was adjusted to 0.4 wt.%. The powder was then dried and fired at 500°C for one hour, to thereby yield an
exhaust gas purification catalyst.

Example 22 (0.2 wt.% Rh/LaPOy)

[0069] The procedure of Example 21 was repeated, except that the amount of Rh was adjusted to 0.2 wt.%, to thereby
yield an exhaust gas purification catalyst.

Example 23 (0.05 wt.% Rh/LaPO,)

[0070] The procedure of Example 21 was repeated, except that the amount of Rh was adjusted to 0.05 wt. %, to thereby
yield an exhaust gas purification catalyst.

Example 24 (0.01 wt.% Rh/LaPO,)

[0071] The procedure of Example 21 was repeated, except that the amount of Rh was adjusted to 0.01 wt.%, to thereby
yield an exhaust gas purification catalyst.

Comparative Example 11 (0.4 wt.% Rh/SiO,)

[0072] SiO, was immersed in a solution of hexaammine Rh hydroxide so that the amount of Rh was adjusted to 0.4
wt.%. Thus thus-treated SiO, was dried overnight at 120°C and fired at 500°C for one hour, to thereby yield an exhaust
gas purification catalyst.

Comparative Example 12 (0.2 wt.% Rh/SiO,)

[0073] The procedure of Comparative Example 11 was repeated, except that the amount of Rh was adjusted to 0.2
wt.%, to thereby yield an exhaust gas purification catalyst.
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Comparative Example 13 (0.05 wt.% Rh/SiO,)

[0074] The procedure of Comparative Example 11 was repeated, except that the amount of Rh was adjusted to 0.05
wt.%, to thereby yield an exhaust gas purification catalyst.

Comparative Example 14 (0.01 wt.% Rh/SiO,)

[0075] The procedure of Comparative Example 11 was repeated, except that the amount of Rh was adjusted to 0.01
wt.%, to thereby yield an exhaust gas purification catalyst.

<Method and results of catalyst performance evaluation>

[0076] The catalytic activity of the exhaust gas purification catalysts produced in Examples 1 to 5 and Comparative
Examples 1 and 2 was evaluated in the following manner immediately after preparation (fresh) and after long-term use
thereof under high-temperature conditions (aged). The long-term, high-temperature conditions were 25 hours and 900°C
in an atmospheric condition containing 10% steam.

[0077] In the evaluation, a fixed-bed, flow-type reactor was employed. Each catalyst powder was added to a reaction
tube, and a perfect-combustion-simulated exhaust gas composed of CO: 0.51%, NO: 500 ppm, C5Hg: 1,170 ppmC,
and O, : 0.4%, the balance being N,, was caused to pass through the reaction tube so that the W/F (mass of catalyst/gas
flow rate) was adjusted to 5.0 X 104 g-min-cm3. The outlet gas was analyzed at 100 to 500°C by means of a CO/HC/NO
analyzer, to thereby evaluate light-off performance of the catalyst. From the results, the temperature at which 50%
percent removal was attained (T50) was obtained. Specific surface area was measured through the N, adsorption
method, and Rh dispersibility was measured through the CO adsorption method. Table 5 shows the results.

[Table 5]

12
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[0079] Regarding exhaust gas purification performance in the fresh state, LaPO, (Examples 11 to 15: 5 mol% to 40
mol% LaPO,4/SiO,), in which lanthanum phosphate was dispersed and deposited on SiO,, exhibited a low T50 with
respect to CO/NO/CsHg, as compared with Comparative Example 11 and Example 21, indicating that the catalyst samples
of Examples 11 to 15 exhibited high catalytic activity. Regarding exhaust gas purification performance in the aged state,
LaPO, (Examples 12 to 15: 10 mol% to 40 mol% LaPO,/SiO,) exhibited a low T50 with respect to CO/NO/C;Hg, as
compared with Comparative Example 11 and Example 21, indicating that the catalyst samples of Examples 12 to 15
exhibited high catalytic activity. Conceivable reasons for attaining high catalyst performance are the effect of large
specific surface area realized by dispersing and depositing LaPO, on SiO,, and that of suppression of sintering between
LaPQO, particles. Particularly in Examples 12 to 15, the effects are thought to be remarkably attained to attain Rh
dispersibility in the aged state, as compared with Comparative Example 11.

[0080] As described above, LaPO, is more preferably dispersed and deposited on SiO,, and the LaPO, content is
preferably 5 mol% to 40 mol%, more preferably 10 mol% to 40 mol%.

[0081] The exhaust gas purification catalysts produced in Examples 13, and 16 to 18, Comparative Examples 11 to
14, and Examples 21 to 24 were subjected to long-term, high-temperature treatment (25 hours, 900°C, in an atmospheric
condition containing 10% steam). The catalytic activity was evaluated immediately after preparation thereof and after
the long-term, high-temperature treatment, in the aforementioned manner. Table 6 shows T50 values of the tested
catalysts with respect to NO.

[Table 6]
[0082]
Table 6: NO,-T50 at varied Rh concentrations
Rh concentration (Wt.%) | 20 mol% LaPO,/SiO, SiO, LaPO,

0.4 Ex. 13: 297 Comp. Ex. 11: 352 | Ex. 21: 327
0.2 Ex. 16: 307 Comp. Ex. 12: 383 | Ex. 22: 344
0.05 Ex. 17: 360 Comp. Ex. 13: 473 | Ex. 23: 361
0.01 Ex. 18: 446 Comp. Ex. 14: 559 | Ex. 24:479

[0083] The catalyst (support: 20 mol% LaPO,/SiO,) was found to exhibit higher catalytic performance, as compared
with an Rh-supporting LaPO, catalyst and an Rh-supporting SiO, catalyst, even at a low Rh concentration.

[0084] The catalysts of Example 13, Comparative Example 11, and Example 21 were similarly evaluated, while the
temperature of long-term, high-temperature treatment was varied. Table 7 shows T50 values of the tested catalysts with
respect to NO.

[Table 7]
[0085]
Table 7: NO,-T50 at varied aging temperatures
Ex. 13 Comp.Ex.11 | Ex. 21
Aging temp. (°C)
20 mol% LaPO,/SiO, Sio, LaPO,
800 245 263 287
900 297 352 344
1,000 343 422 389
1,100 329 387 330
1,200 - - -
*: "-" means a percent purification less than 50%

[0086] The catalyst (support: 20 mol% LaPO,/SiO,) was found to exhibit higher catalytic performance, as compared
with an Rh-supporting LaPO, catalyst and an Rh-supporting SiO, catalyst, at any temperature of long-term, high-tem-
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perature treatment.

Claims

1. An exhaust gas purification catalyst carrier, characterized by comprising a phosphate salt represented by formula
LaPQ,, and SiO, particles, and
the ratio of the amount of the phosphate salt to that of the total amount of SiO, particles and the phosphate salt is
5 to 40 mol%.

2. An exhaust gas purification catalyst, characterized in that the catalyst includes a carrier according to claim 1, and
a noble metal at least containing Rh and supported on the carrier.

3. An exhaust gas purification catalyst product, characterized in that the catalyst product includes a catalyst support

made of a ceramic or metallic material, and a layer of an exhaust gas purification catalyst as recited in claim 2, the
layer being supported on the catalyst support.

15



EP 3 466 538 A1

FIG.1

—Zr02
-+ LaPO4
- -YPO4
—AlIPO4
—ZrP207

Absorbance/a.u.

. -
o a o SN il

2500 2300 2100 1900 1700 1500 1300
Wavenumber/cm—1

FIG.2

C3H6
100 p—
——Rh/(Zr02 Sz ="
80 ===RR/ZrP207 f7
4
= Rh/LaP04 I
60
—Rh/YPO4
——Rh/AIPO4

Percent exhaust
as purificati
gas purification (%)
BN
o

N
o
&

(4]
A

100 200 300 400 500
Temperature (°C)

16



EP 3 466 538 A1
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